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Study Objectives: Because air leakage frommasks is known as a common cause of low adherence to continuous positive airway pressure therapy, we analyzed the
risk factors for air leakage related to parameters associated with auto-titrating positive airway pressure, polysomnography, InBody Test, and rhinomanometry.
Methods: Usage data andmedical records of 120 auto-titrating positive airway pressure userswere reviewed retrospectively. All patients used a nasal or pillowmask
and were carefully monitored at scheduled follow-ups.
Results: Useof apillowmask, sex (male), age, andabdominal fat percentagewere significantly associatedwith highaverage air leakage. Thehigher the auto-titrating
positive airway pressure average and mean pressure, the more likely patients exhibited high rates of air leakage. The percentage of patients with high average air
leakage increased over time (up to 6 months of follow-up).
Conclusions: Older male patients using a pillow mask and those with a high abdominal fat percentage and high auto-titrating positive airway pressure may require
close follow-up and continuousmonitoring for air leakage. Because air leakage from amask can change over time, mask-sealing capacity should be reassessed and
masks should be changed regularly.
Keywords: OSA, APAP, mask type, air leakage
Citation: Kang YJ, Cho J-H, Park C-S. Analysis of risk factors for air leakage in auto-titrating positive airway pressure users: a single-center study. J Clin Sleep Med.
2022;18(1):75–88.

BRIEF SUMMARY
Current Knowledge/Study Rationale:Many previous studies have attempted to determine the effect of masks or device type on air leakage and adherence.
However, the effects of nasal cavity resistance and body composition on air leakage and other causes air leakage have yet to be fully evaluated.
Study Impact:This study showed that age, sex,mask type, obesity, and auto-titrating positive airway pressuremay be related to high average air leakage and
thataverageair leakage fromamaskmaychangeover time.Continuousmonitoring forair leakageandscheduledchangesofmaskmaybe important inpatients
with risk factors.

INTRODUCTION

The prevalence of sleep apnea syndrome, as defined by an apnea-
hypopnea index (AHI) score of 5 events/h or higher and daytime
somnolence, is estimated at 4% inmen and 2% inwomen and the
prevalenceofsleep-disorderedbreathingoccurs in4%ofmenand
9% of women, by the definition of AHI of 5 events/h or higher.1

Obstructive sleep apnea (OSA) is also associated with an
increased risk of cardiovascular or cerebrovascular disease and
reduced quality of life.2–4 In addition, high morbidity and
mortality rates are associated with OSA.5

Since the positive airway pressure (PAP) device was intro-
duced by Sullivan in Australia in 1981, continuous positive
airwaypressure (CPAP) has beenwidely used forOSA treatment
and is recommended as first-line treatments for moderate to
severe OSA.6

To date, 3main devices have been developed forOSA:CPAP,
bilevel PAP, and auto-titrating PAP (APAP). Pressure-relief
modessuchasexpiratorypressure reliefbyResMedandC-flexby
Respironics have been developed to temporarily reduce pressure

during exhalation and ease patient discomfort. APAP devices
were developed to reduce mean CPAP pressure and pressure-
related side effects of CPAP devices, which are controlled by an
auto-adjusting pressure algorithm. Either a CPAP or APAP
device is now recommended for ongoing treatment of OSA in
adults.7,8

There was a meaningful study that compared 3 different
methodsofCPAPdelivery: (1)autotitration, (2)autotitrationfor1
week followed by fixed pressure (95th centile), and (3) fixed
pressure by algorithm based on neck size and dip rate. Although
average pressures were reportedly lowest in a 6-month autotitra-
tion group, no significant difference was reported to clinical
outcomes among those 3 groups.9

Low adherence to PAP treatment is a challenge for many
patients with OSA patients. Kohler et al10 reported that the
severity of sleep-disordered breathing, age, and CPAP device
pressure were associated with long-term adherence to CPAP.

Van Ryswyk et al11 reported that approximately one-third of
patients usingCPAP complain of nasal symptoms and drymouth
and that mask-related problems such as fitting and leakage are
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reported in12%ofcasesat3monthsand7%ofcasesat24months.
Among the side effects of CPAP, the most frequently reported
were unintentional air leakage and its related symptoms.12

To date, a large number of trials have been conducted to make
patients comfortable during PAP therapy and to increase
adherence to PAP therapy. Various mask types, primarily nasal
pillow, nasal, and full face, may be associatedwith unintentional
air leakage, patient discomfort, and variable adherence. Previous
studies have demonstrated that nasal pillows were effective
alternative interfaces that achieved adherence rates equal to those
of nasal masks.13,14 However, oronasal masks were reportedly
associated with a higher risk of CPAP nonadherence compared
with nasal or nasal pillow masks.15

With regard to the relationship between the type of CPAP
device and air leakage, Lebret et al16 showed that the type of
CPAP device did not influence the amount of air leakage.

Given these findings, air leakage can be considered one of the
most troublesome side effects of PAP therapy and a possible
cause of low adherence, which is one of the weakest aspects of
PAP therapy.

A number of studies have examined the factors that influence
air leakage, but none have determined whether the effects on air
leakage are temporary or continuous. In addition, the effects of
nasal cavity resistance and body composition on air leakage have
not been demonstrated in detail.

The objectives of this studywere to identify risk factors for air
leakage in APAP users with respect to patient demographics,
polysomnography (PSG), rhinomanometry, and body composi-
tion data and to determinewhether such effects change over time.

METHODS

Data collection
From January 2017 to May 2020, APAP usage data and medical
records from122patientswithmild to severeOSAwere reviewed
retrospectively. All patients completed the Berlin questionnaire
and were evaluated using the Epworth Sleepiness Scale, an
otolaryngology examination, InBody Test (InBody 770, InBody
Co., Ltd., Seoul, Korea), rhinomanometry, and full-night in-lab
PSG. Patients with severe respiratory disease, severe cardiovas-
cular disease, and cognitive impairment were excluded, and
patients who used APAPmanufactured by companies other than
Respironics before January 2017 were also excluded to maintain
data uniformity. Of the 122 patients included in this study, 1
patient using a full-face mask and 1 patient with follow-up loss
were excluded. Finally, data of 120 patients were included in the
analysis. Follow-ups were scheduled at first (2 weeks after using
APAP), second (1 month from first follow-up, from 2 weeks to
1.5 months after using APAP), third (3 months from second
follow-up, from 1.5 to 4.5 months after using APAP), and fourth
(3 months from third follow-up, from 4.5 to 10.5 months after
usingAPAP).Thenumberofpatients at each follow-upwere120,
119, 100, and 60 respectively (Figure 1).

All patients were provided with an APAP device and mask by
the same manufacturer (Philips Respironics, Murrysville, PA)—
either a nasal mask (DreamWear or Wisp Nasal mask; Philips
Respironics) or a pillow mask (DreamWear Gel Nasal Pillow

mask; Philips Respironics). When a doctor prescribed an APAP
device, the patientwas givenmasks and cushions of different sizes
and allowed to choose a mask that fit best at hospital. If a patient
complained ofmask leakage or felt uncomfortable, a different size
ofmask or cushionwith same interface initially supplied could be
used within the first 2 weeks (at the first follow-up).

Although many mask manufacturers suggest replacing mask
cushions once or twice a month, Korean national health care
insurance only covers the costs ofmask replacement once a year.
In this study no mask cushions were replaced over the course of
the 6 months.

Although APAP pressures ranged from 4 cm H2O to 16 cm
H2O, low-span APAP settings with the window of pressure
variation less than 5 cmH2Owere used and the upper pressure of
low-span APAP settings was less than 12 cm H2O in all but 6
patients. A previous paper used low-span APAP setting with
pressure range from 8 cm H2O to 12 cm H2O, which meant the
window of low-span APAP pressure was 4 cm H2O.

17

All patients used heated humidification and a pressure-relief
mode (A-flex2or3), but 6patients didnot temporarily useheated
humidification.Whenapatient visited the clinic, detaileddata for
the 7 days prior to the follow-up day were extracted from the
APAPdevicewithPhilipsEncorePro2(version2.23.03)software
as follows: average device pressure under 90% of time (90%
ADP; cm H2O), mean pressure (cm H2O), large air leakage
(%time), AHI (events/h), rate of device use (greater than 70% or
not, greater than 50% or not), average usage (all days), average
usage (daysused).H-averageair leakage in this studywasdefined
as the highest value of daily average air leakages in liters per
minute (LPM), whichwas checked after reviewing daily average
air leakages in between follow-ups.

The protocol for this study was approved by the Institutional
Review Committee, St. Vincent Hospital, The Catholic Univer-
sity, Suwon, Republic of Korea (VC20RISI0194).

Rhinomanometry for nasal air flow and resistance
Ourclinicusedactiveanterior rhinomanometry,which is themost
commonly used rhinomanometric tool because of its superior
performance in measuring nasal cavity resistance and patency
comparedwith acoustic rhinomanometry.A technician skilled in
the use of a rhinorrheograph MRP-3100 (Nihon Kohden Co.,
Tokyo, Japan) performed all measurements. All patients were
examined in a temperature-controlled and humidity-controlled
room. One nasal cavity was blocked, and the opposite side was
opened. The technician measured the low rate of the open nasal
cavity, with a nasal adapter positioned in front of one nostril.
Because resistance in the nasal cavity can change due to the nasal
cycle, transnasal pressure was changed from 75 to 150 Pa to
measure basal resistance. Nasal cavity resistance was measured
by dividing transnasal pressure by natural airflow (V) at each
nostril. The value of transnasal resistance (Pa/cm3/second) was
calculated using Standardization Committee on Objective
Assessment of the Nasal Airway recommendations.

Polysomnography
Full-night in-laboratoryPSGwasperformedat the sleep center of
St. Vincent Hospital, Suwon, Gyeonggi Province, Republic of
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Korea. During PSG tests, sensors used to record various
biological signals were as follows: 6 electroencephalography
(F3, F4, C3, C4, O1, O2); 2 electrooculography; 1 electrocardio-
gram lead; and 3 electromyography leads at the submentum,
anterior tibial muscle, left and right sides; and a body-position
sensor. A nasal pressure transducer, oral thermistor, thoracic and
abdominal respiratory plethysmography belts, a pulse oximeter,
and a snoring sensor were used to monitor respiratory events
during sleep.

The full-night in-laboratory PSG data were recorded Embla
N7000/S7000 hardware (Embla Systems, Inc., Broomfield, CO).
All PSG data were manually scored by 2 sleep technicians and
reviewedbya sleep specialist according tocriteriaof theAmerican
Academy of SleepMedicine ScoringManual version 2.4.18

Statistical analysis
Data are expressed as means ± standard deviation or standard
error, including the interquartile range for continuous variables
and the number or percentage for categorical variables. Baseline
continuous or categorical variables were analyzed by indepen-
dent t-tests or Wilcoxon ranking sum tests based on normality,
chi-square tests, or Fisher’s exact tests. For longitudinal data, a
generalized linear mixed model was used to estimate the
association between maximal air leakage and independent
variables. The generalized linear mixed model protocol uses a
fixed effect for the independent variable and a randomeffect over
time (2 weeks, 1 month, 3 months, or 6 months) and a binomial
distribution with a logit link function model. We used a variance
component structure for randomeffects. In addition,we analyzed

Figure 1—Study flowchart: changes of enrolled patients with low and high h-average air leakage over time.

HAL = high h-average air leakage, LAL = low h-average air leakage, OSA = obstructive sleep apnea.
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the association of h-average air leakage with 90% ADP, mean
pressure, device-estimatedAHI, large leaks (%time) and average
usage time (average usage [all days], average usage [days used]).
Multivariate analysis was not performed to prevent overfitting
according to the rule of experiencing at least 10 events per
variable. Results were not corrected for multiple tests as each of
the independent variables was considered to be of interest. A P
value < 0.05 was considered statistically significant. All data
analyses were performed using SAS 9.4 (SAS Institute, Inc.,
Cary, NC).

RESULTS

Data of 120 patients were reviewed retrospectively and the
demographic and clinical characteristics of all patients are
provided in Table 1.

Overall changes in patients with low and high average
air leakage during APAP use
In this study, the threshold for division into low h-average air
leakage (LAL) and high h-average air leakage (HAL) subgroups
wasdefined as 40LPM.PhilipsRespironics devices provide total
leakage data (unintentional leakage plus intentional air leakage)
and tolerate leakage of up to twice an intentional leak. Intentional
air leakage varies by mask type and PAP pressure. In this study,
given that theupper pressureof low-spanAPAPtreatment ranged
from9 to 16cmH2O, the calculated intentional air leakage ranged
from approximately 26 to 35 LPM for both mask types
(DreamWear/Wisp nasal and DreamWear pillow mask). The
definition of a large leak threshold is total leakage of more than
twice the intentional leak at each pressure for 1.5 min, which
ranges from52 to 70LPM in this study.A large leak (%time)was
defined as thepercentageof time spentwith the large leak.Philips
Respironicsmachines tolerate up to 2 times the intentional leaks.
If the patient has a perfect mask seal, the devicewill notice a total
leak value that is equal to the intentional leak from the exhalation
port. Any leaks between the cushion and the patient’s facewill be
detected by device and considered to be unintentional leaks.19,20

Because themean of 90%ADPof all patientswas 9.4 cmH2O,
we divided patients into 2 subgroups, with a median value
between intentional and large-leak thresholds of 40 LPM at this
pressure. The proportion of patients with a HAL greater than 40
LPM was between 14.2 and 25% during 4 follow-ups. This
proportion increased continuously when follow-up assessments
were repeated (Figure 1).

Estimated risk factors on HAL
The characteristics of patients with LAL and HAL were
compared at each follow-up (Table 2).

Although previous reports have demonstrated that nasal
pillows are effective alternative interfaces andachieve adherence
ratescomparable toanasalmask,dataof120patientswere further
analyzedafterdivision into2subgroupsaccording tomask type to
identify the relationship between mask type and air leakage not
from the point of view of adherence.13,14

On the first APAP follow-up, significant differences between
the LAL and HAL groups were found in sex, nasal flow of the
dominant side less than 300 Pa, tonsil size, palatal position, neck
circumference, waist/hip ratio, supine AHI, and minimal satura-
tion. However, because the period of the first follow-upwas only
2 weeks after APAP use and was thought to be the initial
adaptation period to the APAP and mask, these data were
considered less important than the second, third, and fourth
follow-up points and were not used in further evaluation.

On the second and third APAP follow-ups, age, bodymass index
(BMI), neck/waist/hip circumference, neck-hip ratio, and minimal
saturationweresignificantlydifferentbetweenLALandHALgroups.

On the fourth APAP follow-up (more than 6months of APAP
use), BMI, body fat, visceral fat area (cm2), abdominal fat
percentage, neck circumference, and some PSG data (AHI,
supine AHI, minimal saturation) were significantly different
between LAL and HAL groups. From the second to the fourth
APAP follow-up (most of the APAP use period), BMI, neck
circumference, and minimal saturation were significantly differ-
ent between LAL and HAL groups (Table 2).

Nasal flow and resistance of the dominant side before nasal
cavity constriction, tonsil size, and palatal position were signif-
icantlydifferent betweenLALandHALgroupsonly at the first or
second follow-ups (Table 2), but the odds ratios (ORs) of nasal
flow and resistance parameters were approximately 1.0 or not
significant (Table 3).

A few PSG parameters such as supine AHI and minimal
saturation were significantly different between LAL and HAL
groups (Table 2) but the estimatedORsof all PSGparameters for
HAL were small (approximately 1.00) (Table 3).

Although tonsil size and palatal position were significantly
differentonlyat the first follow-up, theirORswere0.62 (confidence
interval [CI] 0.40–0.95) and 0.55 (CI 0.39–0.77), respectively,
which were contrary to our expectation (Table 2 andTable 3).

As shown in Table 3, pillow mask (OR 1.96, 95% CI
1.05–3.66),male sex, and age (more than 65 years,OR2.31, 95%
CI 1.12–4.76) were closely related to HAL with large ORs. In
particular, abdominal fat percentage (OR 2.88) wasmore closely
associated with HAL than with BMI (OR 1.18), body fat (OR
1.06), visceral fat area (OR 1.01), hip circumference (OR 1.06),
and neck-hip ratio (OR 1.15).

For theaverageusage (all days) andaverageusage (daysused),
there was no significant difference between HAL and LAL
groups except for the second follow-up. Only at the second
follow-up, the average usage time of the LAL group was
significantly longer than that of the HAL group (Table 2).

Association of APAP pressure and device-estimated
AHI with risk of high average air leakage
In each subgroup, LAL andHAL, 90%ADP,mean pressure, and
device-estimateAHI among second, third, and fourth follow-ups
showed a decreasing trend (negative beta values) but were not
statistically significant (Table 4). However, large leaks (%time)
significantly increased in LAL but not in HAL groups (Table 4).

The average usage (all days) and average usage (days used)
significantly decreased in LAL group but average usage for used
days significantly increased inHALgroup (Table 4). In addition,
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Table 1—Demographic and clinical characteristics of the 120 enrolled patients.

All Patients
(n = 120)

Patients with LAL
(n = 103)

Patients with HAL
(n = 17)

Anthropometric data

Sex (male n, %) 99 (82.5) 82 (79.6) 17 (100.0)

Age (years) 51.9 ± 10.5 52.1 ± 10.3 51.0 ± 11.3

Nasal stuffiness (yes, n %) 38 (31.7) 34 (33.0) 4 (23.5)

Mouth breathing (yes, n %) 64 (53.3) 56 (54.4) 8 (47.1)

Physical examination

Tonsil size (1–4) 1.8 ± 0.8 1.87 ± 0.08 1.53 ± 0.17

Palatal position (1–3) 2.5 ± 0.7 2.52 ± 0.07 2.06 ± 0.18

Muller maneuver (0–3) 0.9 ± 0.8 0.91 ± 0.08 0.76 ± 0.14

Comorbidities

Treated for hypertension (%) 35.0 32.7 50.0

Treated for diabetes (%) 12.5 12.5 12.5

Treated for dyslipidemia (%) 8.3 5.8 25.0

Treated for COPD or asthma (%) 1.7 1.9 0.0

Treated for cardiovascular disease (%) 5.0 4.8 6.3

Treated for cerebellar vascular disease (%) 3.3 2.9 6.3

Treated for other disease (Parkinson, thyroid) (%) 9.2 7.7 6.3

Body composition

BMI (kg/m2) 28.1 ± 3.9 27.88 ± 0.38 29.35 ± 0.97

Body fat (kg) 24.6 ± 7.7 24.32 ± 0.76 26.43 ± 2.22

Body fat percentage (%) 29.8 ± 6.5 29.99 ± 0.66 28.78 ± 1.73

Visceral fat area (cm2) 109.7 ± 37.2 108.39 ± 3.69 117.57 ± 10.82

Abdominal fat percentage (%) 0.9 ± 0.1 0.92 ± 0.01 0.95 ± 0.02

Neck circumference (cm) 39.7 ± 4.0 39.41 ± 0.42 41.35 ± 0.78

Waist circumference (cm) 95.1 ± 13.0 95.22 ± 1.07 94.22 ± 5.90

Hip circumference (cm) 103.6 ± 7.8 103.47 ± 0.81 104.41 ± 1.77

Neck-hip ratio (NHR) 0.4 ± 0.0 0.38 ± 0.00 0.40 ± 0.01

Waist-hip ratio (WHR) 0.9 ± 0.1 0.92 ± 0.01 0.90 ± 0.05

Severity of OSA at diagnosis

AHI (events/h) 50.2 ± 23.5 48.46 ± 2.25 60.64 ± 6.19

Obstructive type 22.1 ± 22.2 20.24 ± 2.02 33.55 ± 6.99

Hypopnea type 23.8 ± 13.8 24.36 ± 1.36 20.24 ± 3.29

REM AHI 45.7 ± 23.8 44.51 ± 2.31 53.07 ± 6.16

Supine AHI 53.8 ± 40.2 52.49 ± 4.21 61.69 ± 5.03

Minimal saturation (%) 74.2 ± 16.0 75.25 ± 1.60 67.88 ± 3.21

Periodic limb movements in sleep index 9.7 ± 20.1 10.65 ± 2.09 4.02 ± 2.62

Epworth Sleepiness Scale (0–24) 10.6 ± 5.2 10.45 ± 0.52 11.47 ± 1.39

Berlin questionnaire (0–22) 7.7 ± 3.5 7.68 ± 0.38 7.59 ± 0.39

Rhinomanometry

Total resistance less than 75 Pa (before constriction) 0.14 ± 0.08 0.14 ± 0.01 0.12 ± 0.01

Total resistance less than 150 Pa (before constriction) 0.20 ± 0.12 0.21 ± 0.01 0.16 ± 0.02

Nasal flow of dominant side less than 75 Pa
(before constriction)

284.8 ± 182.5 282.33 ± 18.52 299.87 ± 58.31

Nasal flow of dominant side less than 150 Pa
(before constriction)

381.0 ± 212.6 371.24 ± 22.03 439.20 ± 59.91

Nasal flow of dominant side less than 300 Pa
(before constriction)

360.2 ± 290.4 330.54 ± 29.80 538.40 ± 72.43

(continued on following page)
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our results showed that AHI (OR 1.38, 95% CI 1.17–1.62, P <
.001), 90% ADP (OR 1.93, 95% CI 1.52–2.45, P < 0.001),
andmean pressure (OR 1.89, 95%CI 1.52–2.35, P< 0.001), and
large leaks (OR2.3,CI1.66–3.20,P<0.001)were risk factors for
HAL (Table 5).

DISCUSSION

CPAP is recommended as a first-line treatment for moderate to
severeOSAand low adherence remains amajor problem in long-
term PAP treatments.7,8

CPAP adherence is influenced by a variety of factors, such as
knowledge of OSA/perception of CPAP treatment, mask
interfaces, drying of upper airwaymucosa, claustrophobia, early
follow-up within the first week after CPAP treatment.21

The appropriate selection ofmask interfaces, typically a nasal,
nasal pillow, and oronasal mask, is thought to be the first step in
effective CPAP adherence. Several studies of the relationship
between mask type and CPAP adherence have been conducted.
Borel et al15 used multivariate analysis to show that oronasal
masks were associatedwith a higher risk of CPAP nonadherence
compared with nasal or nasal pillow masks.

However, it was also reported that CPAP adherence did not
differbetween the3differentmask interfaces (ie, nasalmaskwith
orwithoutchinstrapandanoronasalmask)but fewerair leaksand
mask-fitting problems were associated with nasal mask com-
pared with nasal mask chin-straps and oronasal masks.22

Previous studies, including the 2 cited above, showed that
nasal masks achieve superior adherence compared with pillow-
type and oronasal-type masks.23–26

Air leakage and its side effects are prevalent in long-term
CPAP-treated patients and Valentin et al reported that greater air
leakage was associated with poor adherence to APAP ther-
apy.27,28 Therefore, among a variety of factors affecting CPAP
adherence, considerable attentionhasbeenpaid toair leakageand
mask-related factors.

Although Lebret et al12 reported that nasal obstruction, higher
BMI, older age, andmale sex are related to air leakage, our results
suggest additional risk factors, suchaspillowmask,male sex, and
older age, are related to air leakage.

The pillow mask is well-tolerated, an effective interface, and
smaller than the nasal-type and oronasal-type masks, which
explains why it is frequently chosen by patients. However, our
results showed that useofpillowmasksmaybea risk factor for air
leakage and a negative factor for PAP adherence.

Aging is a well-known risk factor that can increase upper
airwaycollapsedueto lowneuromuscular function,arelationship
that was confirmed by our results.29

The unintentional leaks duringAPAP treatmentwere reported
to be related to mouth opening, CPAP level, sleep position, and
rapideyemovement sleep, andoronasalmaskscanreduce the risk
of unintentional air leakage in the case of mouth breathing and
rapid eye movement sleep.30

Our results showed that higher APAP pressure (90th percen-
tile, mean pressure) may be related to HAL. Patients with a
high 90% ADP or mean pressure should therefore be
closely monitored for air leakage regardless of initial air leakage
values.

Astudywithpatientswithextremeobesity (amedianBMIofat
least 43kg/m2) reported thatBMI, neck circumference, andwaist
circumference are not predictive of APAP pressure.31

Table 1—Demographic and clinical characteristics of the 120 enrolled patients. (Continued )

All Patients
(n = 120)

Patients with LAL
(n = 103)

Patients with HAL
(n = 17)

Resistance of dominant side less than 75 Pa
(before constriction)

0.42 ± 0.66 0.45 ± 0.07 0.29 ± 0.05

Resistance of dominant side less than 150 Pa
(before constriction)

0.50 ± 0.50 0.53 ± 0.06 0.36 ± 0.06

Resistance of dominant side less than 300 Pa
(before constriction)

0.63 ± 0.81 0.65 ± 0.09 0.54 ± 0.12

Nasal flow of dominant side less than 75 Pa
(after constriction)

352.6 ± 204.4 341.99 ± 21.86 414.57 ± 63.54

Nasal flow of dominant side less than 150 Pa
(after constriction)

431.9 ± 242.8 417.85 ± 25.91 514.00 ± 75.28

Nasal flow of dominant side less than 300 Pa
(after constriction)

374.3 ± 342.2 370.93 ± 35.82 393.71 ± 119.38

Resistance of dominant side less than 75 Pa
(after constriction)

0.28 ± 0.28 0.29 ± 0.03 0.22 ± 0.02

Resistance of dominant side less than 150 Pa
(after constriction)

0.36 ± 0.32 0.37 ± 0.04 0.29 ± 0.04

Resistance of dominant side less than 300 Pa
(after constriction)

0.39 ± 0.42 0.42 ± 0.05 0.21 ± 0.07

Dataare reportedasmedianvaluesor percentages.AHI=apnea-hypopnea index,BMI=bodymass index,COPD=chronic obstructionpulmonary disease,HAL=
high h-average air leakage, LAL = low h-average air leakage, REM = rapid eye movement.
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Table 3—The estimated risk factors for high h-average air leakage.

h-Average Air Leakage (> 40, LPM)

Beta (SE) Crude OR (95% CI) P

Pillow mask (%) 0.672 (0.315) 1.96 (1.05–3.66) .035

Sex (female, %) 21.532 (0.533) 0.22 (0.08–0.62) .005

Age ≥ 65 (%) 0.836 (0.366) 2.31 (1.12–4.76) .024

Nasal stuffiness (yes, %) 0.142 (0.274) 1.15 (0.67–1.98) .604

Mouth breathing (yes, %) 0.477 (0.266) 1.61 (0.95–2.73) .076

Rhinomanometry

Total resistance less than 75 Pa
(before constriction)

21.833 (1.907) 0.16 (0.00–7.03) .339

Total resistance less than 150 Pa
(before constriction)

22.436 (1.395) 0.09 (0.01–1.39) .084

Nasal flow of dominant side less
than 75 Pa (before constriction)

0.001 (0.001) 1.00 (1.00–1.00) .304

Nasal flow of dominant side less
than 150 Pa (before constriction)

0.002 (0.001) 1.00 (1.00–1.00) .013

Nasal flow of dominant side less
than 300 Pa (before constriction)

0.002 (0.001) 1.00 (1.00–1.00) .001

Resistance of dominant side less
than 75 Pa (before constriction)

20.692 (0.517) 0.50 (0.18–1.40) .184

Resistance of dominant side less
than 150 Pa (before constriction)

20.431 (0.358) 0.65 (0.32–1.32) .230

Resistance of dominant side less
than 300 Pa (before constriction)

20.091 (0.179) 0.91 (0.64–1.30) .611

Nasal flow of dominant side less
than 75 Pa (after constriction)

0.001 (0.001) 1.00 (1.00–1.00) .264

Nasal flow of dominant side less
than 150 Pa (after constriction)

0.001 (0.001) 1.00 (1.00–1.00) .041

Nasal flow of dominant side less
than 300 Pa (after constriction)

0.000 (0.000) 1.00 (1.00–1.00) .296

Resistance of dominant side less
than 75 Pa (after constriction)

20.877 (0.895) 0.42 (0.07–2.46) .330

Resistance of dominant side less
than 150 Pa (after constriction)

20.454 (0.571) 0.63 (0.20–1.97) .428

Resistance of dominant side less
than 300 Pa (after constriction)

20.546 (0.401) 0.58 (0.26–1.28) .177

Physical examination

Tonsil size (1–4) 20.480 (0.218) 0.62 (0.40–0.95) .030

Palatal position (1–3) 20.593 (0.171) 0.55 (0.39–0.77) .001

Muller maneuver (0–3) 20.101 (0.169) 0.90 (0.65–1.26) .551

Body composition

BMI (kg/m2) 0.162 (0.034) 1.18 (1.10–1.26) < .001

Body fat (kg) 0.062 (0.017) 1.06 (1.03–1.10) < .001

Body fat percentage (%) 0.008 (0.020) 1.01 (0.97–1.05) .679

Visceral fat area (cm2) 0.012 (0.004) 1.01 (1.00–1.02) .001

Abdominal fat percentage (%) 10.590 (2.590) 2.88 (1.73–4.82) < .001

Neck circumference (cm) 0.217 (0.045) 1.24 (1.14–1.36) < .001

Waist circumference (cm) 0.016 (0.012) 1.02 (0.99–1.04) .187

Hip circumference (cm) 0.059 (0.017) 1.06 (1.03–1.10) .001

Neck-hip ratio (NHR) 13.707 (5.629) 1.15 (1.03–1.28) .017

Waist-hip ratio (WHR) 20.787 (1.103) 0.92 (0.74–1.15) .477

Severity of OSA at diagnosis

(continued on following page)
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In our study, only abdominal fat percentage was more closely
associated with air leakage than with BMI, body fat, visceral fat
area, hip circumference, and neck/hip ratio. This suggests that
regional obesity be more closely related to elevated abdominal
pressure andcollapsibility of theupper airwayand therefore to air
leakage than to BMI.

Even after the selection of an appropriate mask type, multiple
mask-relatedproblemscanbeexpected, includingair leakage,stuffy

ordrynose,tubeproblems,andclaustrophobia,amongothers.Dryor
stuffy nose can often be reduced with heated humidification, and
claustrophobia can be reduced by desensitization to the mask,
change of mask type, and sleep-onset detection.32

Contrary to our expectation that higher nasal resistance
increases air leakage, rhinomanometry results failed to demon-
strate thatnasal resistance (obstruction)was related toair leakage,
which may be attributable to the lack of a significant difference

Table 3—The estimated risk factors for high h-average air leakage. (Continued )

h-Average Air Leakage (> 40, LPM)

Beta (SE) Crude OR (95% CI) P

AHI (events/h) 0.017 (0.006) 1.02 (1.01–1.03) .004

Obstructive type 0.020 (0.006) 1.02 (1.01–1.03) .001

Hypopnea type 20.016 (0.010) 0.98 (0.96–1.00) .114

REM AHI 20.020 (0.007) 0.98 (0.97–0.99) .008

Supine AHI 20.008 (0.007) 0.99 (0.98–1.01) .285

Minimal saturation (%) 0.012 (0.006) 1.01 (1.00–1.02) .044

Periodic limb movements in sleep
index

0.004 (0.003) 1.00 (1.00–1.00) .194

Epworth Sleepiness Scale (0–24) 0.050 (0.024) 1.05 (1.00–1.10) .045

Berlin questionnaire (0–22) 20.004 (0.039) 1.00 (0.92 BMI: body mass index,
1.08)

.913

AHI = apnea-hypopnea index, BMI = body mass index, CI = confidence interval, LPM = liters per minute, OR = odds ratio, REM = rapid eye movement.

Table 4—Device-estimated pressure, AHI, and large leakage in HAL and LAL groups.

LAL (h-Average Air Leakage < 40 LPM) HAL (h-Average Air Leakage ≥ 40 LPM)

Second
APAP

Follow-up
(n = 97)

Third
APAP

Follow-up
(n = 79)

Fourth
APAP

Follow-up
(n = 45)

Beta (SE) P

Second
APAP

Follow-up
(n = 22)

Third
APAP

Follow-up
(n = 21)

Fourth
APAP

Follow-up
(n = 15)

Beta (SE) P

90%
Average
device
pressure

9.1 ± 0.1 9.1 ± 0.2 9.0 ± 0.2 20.08
(0.12)

.513 10.7 ± 0.4 10.4 ± 0.4 10.4 ± 0.4 20.12
(0.28)

.664

Mean
pressure

7.9 ± 0.1 7.8 ± 0.2 7.7 ± 0.2 20.08
(0.12)

.497 9.5 ± 0.4 9.1 ± 0.4 9.2 ± 0.4 20.19
(0.29)

.503

AHI 3.4 ± 0.2 3.4 ± 0.3 3.2 ± 0.2 20.11
(0.17)

.535 6.7 ± 1.3 5.8 ± 0.9 3.9 ± 0.3 21.38
(0.74)

.066

Large
leakage
(%time)

0.4 ± 0.1 0.4 ± 0.1 0.9 ± 0.3 0.26 (0.09) .002 3.0 ± 0.6 3.3 ± 0.7 3.3 ± 0.7 0.15 (0.50) .764

Average
usage
(all days)
(minutes)

336.9 ± 6.3 317.1 ± 6.9 295.7 ±
11.8

20.005
(0.002)

.004 297.9 ±
18.5

274.3 ±
17.9

309.0 ±
15.4

20.006
(0.002)

.007

Average
usage
(days
used)
(minutes)

358.3 ± 5.3 347.9 ± 5.6 342.3 ± 8.7 20.006
(0.002)

.007 318.2 ±
14.5

326.1 ±
12.3

336.3 ±
11.0

20.009
(0.003)

.003

AHI = apnea-hypopnea index, APAP = auto-titrating positive airway pressure, HAL = high h-average air leakage group, LAL = low h-average air leakage group,
LPM = liters per minute.
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between LAL and HAL groups in total nasal resistance at all
follow-ups.

However, previous studies have shown that surgery to
decrease nasal resistance is associated with improved PAP
compliance, lower PAP pressure, and improved quality of life in
patients with OSA.33–35 A few studies have also reported that
nasal airway resistance accounts for up to 60% of total airway
resistance,and totalnasal resistancedoesnotchangesignificantly
between wakefulness and sleep.36,37 Further study of nasal
resistance and air leakage is needed.

Therelationshipbetweenair leakageandCPAPtypemaybean
issue worth exploring. The type of PAP (fixed or auto) was
reportedly not associated with a risk of leaks, but CPAP pressure
level (mean) and oronasal masks were associated with a risk of
leaks.16

Another potential issue involves the effect of air leakageon the
function and capacity of PAP devices. Although an automatic
analysis from APAP was reported to accurately detect residual
sleep apnea, Coller et al reported that, in the presence of air
leakage,APAPunderestimated thepressurerequired to treatOSA
andoverestimated thepressuredeliveredat theupper airway.38,39

Baek et al40 found that higher air leakagewas an independent risk
factor forgreater differencesbetweenauto-AHIandmanual-AHI
scoring. In summary of the abovementioned 2 papers, data
estimated by PAP devicemay not be accurate in the presence of a
large air leak. Therefore, effective PAP therapy may also not be
possible in the presence of large air leakage.

In our study, the average usage (all days) and average usage
(days used) included the time with large air leakage. The
proportion of time with large leak was relatively small and may
nothaveaffectedour results.However, in thepresenceof largeair
leak, the device may not properly sense air flow or events or
respond or deliver pressures as intended by the auto-algorithms.

Generally speaking, the longer the duration of APAP use, the
betterpatientsadapt toAPAP;however,ourstudyshowedthat the
longer the duration of APAP use, the higher the h-average air
leakage,whichmayindicatewhyPAPcompliancedecreasesover
time in initially well-adapted APAP users (Figure 1).

According to a study by Valentin et al28, air leakage may
be associated with poor adherence to APAP therapy and
the proportion of time spent at large leak levelsmaybe associated
with nonadherence. Our results showed that a large leak (%time)
was a risk factor for air leakage and that it increased even in
the LAL group over time (Table 4 and Table 5). These
results may be a product of weakened mask-sealing
capacity because the silicone portion of the mask tends to stiffen
over time, suggesting that the mask should be replaced before
6 months.

Several limitations of this study should be noted. First, each
APAP device uses its own algorithm for air leakage, pressure
change, andAHI change,whichmeans our resultsmayhave been
different if we used APAP devices from other manufacturers.41

Second, other conditions that affect air leakage, such as upper
airway diseases, were not considered.

Third, further research with a larger population should be
conducted to assess the effects of other parameters such as mask
type and manufacturers on air leakage and the associations
between air leakage and PAP treatment effectiveness.

Fourth, each patient’s orofacial anatomy and contours can
affect mask fit and sealing effects differently; further evaluation
of the relationship between orofacial anatomy and mask leakage
is therefore needed.

Fifth, the results of age and nasal masks should be interpreted
with caution, as our study did not have the necessary power to
robustly evaluate those variables.

Finally, the use of single-type cushions could be the limitation
of this study, because, if the previously used cushion had some
problems such as air leak, it was replaced with extra cushion of
same type but different size within 1 month. It might be possible
that different type cushions reduced air leakage.

CONCLUSIONS

Our study showed that air leakage increased over time,
particularly by 6 months after APAP treatment, which may

Table 5—Association of device-estimated APAP parameters with risk of high h-average air leakage.

h-Average Air Leakage (LPM)

Crude OR
(95% CI) PSecond APAP Follow-up

(1 Month)
Third APAP Follow-up

(3 Months)
Fourth APAP Follow-up

(6 Months)

< 40 (n = 97) ≥ 40 (n = 22) < 40 (n = 79) ≥ 40 (n = 21) < 40 (n = 45) ≥ 40 (n = 15)

90% Average
device
pressure

9.1 ± 0.1 10.7 ± 0.4 9.1 ± 0.2 10.4 ± 0.4 9.0 ± 0.2 10.4 ± 0.4 1.93
(1.52–2.45)

<.001

Mean pressure 7.9 ± 0.1 9.5 ± 0.4 7.8 ± 0.2 9.1 ± 0.4 7.7 ± 0.2 9.2 ± 0.4 1.89
(1.52–2.35)

< .001

AHI 3.4 ± 0.2 6.7 ± 1.3 3.4 ± 0.3 5.8 ± 0.9 3.2 ± 0.2 3.9 ± 0.3 1.38
(1.17–1.62)

< .001

Large leak
(%time)

0.4 ± 0.1 3.0 ± 0.6 0.4 ± 0.1 3.3 ± 0.7 0.9 ± 0.3 3.3 ± 0.7 2.30
(1.66–3.20)

< .001

AHI = apnea-hypopnea index, APAP = auto-titrating positive airway pressure, CI = confidence interval, LPM = liters per minute, OR = odds ratio.
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be due to reduced sealing effects of the masks, suggesting
a need for regular mask management. Among the factors
related to air leakage, the most consequential appear to be age,
sex, mask type, regional obesity, and PAP pressure. Close
follow-up and continuous monitoring are recommended for
such patients.

ABBREVIATIONS

AHI, apnea-hypopnea index
APAP, auto-titrating positive airway pressure
BMI, body mass index
CI, confidence interval
CPAP, continuous positive airway pressure
HAL, high h-average air leakage
LAL, low h-average air leakage
LPM, liters per minute
OR, odds ratio
OSA, obstructive sleep apnea
PAP, positive airway pressure
PSG, polysomnography
90% ADP, average device pressure under 90% of time
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